The crystal structure of legrandite: Zn 2 (AsO 4 )(OH) 
INTRODUCTION
There has been much work in the last twenty years on developing hierarchical classifications of oxysalt minerals (Hawthorne 1984 , 1986 , 1990 , 1997 , Sabelli & TrostiFerroni 1985 , Hawthorne et al. 1996 , 2000 , Hawthorne & Huminicki 2002 , Huminicki & Hawthorne 2002 , Burns 1999 , Burns et al. 1996 , Krivovichev 2005 , 2008 , Krivovichev & Filatov 1999 , focusing on the bond topology of the more strongly bonded cations. With much of this work now in place for minerals, it is important to focus on the bond topology of the interstitial species (e.g., Schindler & Hawthorne 2001a ,b,c, 2004 , 2008 , Schindler et al. 2006 . It is the interstitial bonds that control the stability of minerals, as these weak bonds are more easily broken with changing conditions than the stronger bonds of the structural unit. Hydrogen bonds are of particular importance in this regard, and the stabilities of a large number of oxysalt minerals are controlled by the weak hydrogen bonds that bind their structural units together.
Consequently it is important to determine the details of hydrogen bonding in oxysalt minerals if we are to understand the details of their stability and the mechanisms by which they break down. With this as background, here we describe the pattern of hydrogen bonding in legrandite. absorption corrections (SADABS; Sheldrick 2008) were applied and equivalent reflections were then corrected for Lorentz, polarization and background effects, averaged and reduced to structure factors. The unit cell dimensions were obtained by least-squares refinement of the positions of 4921 reflections with I > 10σ(I) and are given in Table 1 , together with other information pertaining to data collection and structure refinement.
Crystal-structure refinement
All calculations were done with the SHELXTL PC (Plus) system of programs. Systematic absences in the single-crystal X-ray diffraction data are consistent with space group P2 1 /c, and the structure was solved with this symmetry. Crystal-structure refinement was initiated with the atom coordinates of McLean et al. (1971) , and the structure was refined by full-matrix leastsquares to an R 1 index of 1.2%. At the final stages of refinement, six H (hydrogen) sites were identified in difference-Fourier maps and were inserted into the refinement. The O(donor)-H differences were softly constrained to be close to 0.98 Å and the H-H distances were softly constrained to be close to 1.59 Å during refinement. Refined atom coordinates and anisotropicdisplacement parameters are listed in Table 2 , selected interatomic distances are given in Table   3 , and bond valences, calculated with the parameters of Brown & Altermatt (1985) , are given in Table 4 . Bond-valences for hydrogen bonds were calculated from the curve of Brown (1976) 
Electron-microprobe analysis
Several crystals of legrandite of differing shades of blue were mounted in epoxy on 2.5 cm diameter Perspex discs, ground, polished, carbon-coated and analyzed with a Cameca SX-mode: excitation voltage: 15 kV, specimen current: 10 nA, beam size: 10 μm, peak count-time: 20 s, background count-time: 20 s. We used the following standards and crystals for Kα X-ray lines: Zn, As: adamite; Fe: fayalite; Mn: spessartine. Chemical formulae were calculated on the basis of six anions with one (OH) group and one (H 2 O) group. The chemical compositions and unit formulae are given in Table 5 .
Infrared spectroscopy
The FTIR spectrum was collected using a Bruker Tensor 27 FTIR spectrometer equipped with a KBr beam splitter and a DLATGS detector. Spectra over the range 4000-400 cm -1 was obtained by averaging 100 scans with a resolution of 4 cm -1
. Base-line correction was done using the OPUS spectroscopic software (Bruker Optic GmbH). The spectrum is shown in Figure 1 .
DESCRIPTION OF THE STRUCTURE

Cation polyhedra
Each cation polyhedron is labelled by its central cation site. There are two distinct As sites, each occupied by As 
Bond topology
The polyhedron linkage is quite complicated in legrandite, as is commonly the case in minerals in which the divalent cations are [5]-coordinated. Two Zn(1) octahedra share an edge ( Fig. 2 ) and the vertices cis to this edge are linked by As(2) tetrahedra, forming an [M 2 Φ 6 (TO 4 ) 2 ]
cluster (Φ is an unspecified anion) that Hawthorne (1983) showed is one of the four clusters of two octahedra and two tetrahedra that show optimum agreement with the valence-sum rule.
This cluster links to other clusters of the same sort by sharing vertices between octahedra and tetrahedra to form a sheet ( Fig. 3a) with alternate chains of clusters tilted in opposite directions (Fig. 3b ).
The Zn(2) and Zn(4) polyhedra share an edge to form a dimer, and the dimer shares a corner with the Zn(3) polyhedron to form a trimer (Fig. 4) , and these trimers form a disconnected layer parallel to (100) (Fig. 4) . This layer is quite corrugated (Fig. 5a ), and two of these layers, facing in opposite directions, sandwich the Zn(1)-As(2) layer (Fig. 3) as shown in Figure 5b . The result is a very thick layer (Fig. 5b) parallel to (100), with Zn(4) polyhedra projecting from both sides of the sheet. These sheets stack in the a direction such that the projecting Zn (4) polyhedra fit into the staggered gaps in the opposing later (Fig. 5) . The layers are linked in the a direction by As(1) tetrahedra (Fig. 5a ) and hydrogen bonding (Fig. 5b) .
Interstitial hydrogen-bond arrangements
The stereochemical details of the hydrogen bonding are given in Table 3 . There are two (Table 3) , indicating a much stronger hydrogen bond than that involving H(1). Figure 7a shows the part of the structure where the sheets in Figure 5b join together.
The environment of the two (H 2 O) groups is shown in Figure 7b , the same part of the structure as that shown in Figure 7a but with the arsenate groups removed for clarity. The (H 2 O) groups attach to the Zn(4) polyhedron and form a convoluted sheet (seen end-on in Fig. 7b) 
Hydrogen bonding and the infrared spectrum
Inspection of the H...O bond-lengths (Table 3) groups, and broaden with decreasing absorption frequency (e.g., Groat et al. 1995) . This allows us to assign the bands as follows: 3574 cm : O(12) (H 2 O). As shown in Figure 9 , this assignment produces reasonable accord with the relation of Libowitzky (1999).
A note on the colour of legrandite
Legrandite is normally bright yellow. However, the legrandite (from the Tsumeb mine) used in this work is colourless to pale blue. Initially, we suspected the presence of minor Cu, but chemical analysis (Table 5) showed this not to be the case: we could not detect Cu in either sample. Inspection of the formulae (Table 5) shows a slightly higher Fe content in the pale-blue crystals, and this is presumably the origin of the pale-blue colour. Fig. 1 . The infrared spectrum of legrandite. (001) to minimize overlap. *calculated using the parameters of Brown & Altermatt (1985) . 
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